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57 ABSTRACT 

A plastic lens comprising the first acrylic hard coated layer 
formed on the outside Surface of a plastic lens base and, in 
the inside Surface, an antifogging coated layer with inter 
posing of the Second acrylic hard coated layer is obtained by 
coating the both sides of a plastic lens base with an acrylic 
hard coating agent, masking the outside Surface with a 
peelable masking agent (e.g. a coating composition contain 
ing poly(Vinyl chloride) or vinyl chloride-vinyl acetate 
copolymer), coating at least the inside Surface with an 
antifogging agent, and removing the masking layer. As the 
hard coating agent or antifogging agent, use can be made of 
an ultraViolet-curable resin composition, and as the masking 
agent, a coating composition containing a poly(Vinyl 
chloride) or vinyl chloride-vinyl acetate copolymer may be 
employed. 

3 Claims, No Drawings 
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PLASTICLENSES AND METHOD OF 
PRODUCING THE SAME 

FIELD OF THE INVENTION 

This invention relates to a plastic lens having Scratch 
resistance (abrasion resistance) on one side and other func 
tion inclusive of antifogging property on the other Side, and 
a method of producing the plastic lens. 

BACKGROUND OF THE INVENTION 

When one practices land Sports Such as Skiing, skating, 
mountain climbing or hiking, or marine Sports, or drives a 
bicycle or a motorcycle with wearing spectacles or goggles, 
the Spectacles or goggles may Sometimes be fogged or 
Steamed over. In particular, when one moves between the 
conditions where the temperatures and humidities are 
remarkably different each other, the spectacles or goggles 
tend to become steamed over. By way of illustration, when 
the outside air temperature is low, the outside Surfaces of the 
Spectacles or goggles are exposed to the low temperature, 
and, the temperature of the inside raises due to a body heat 
and the humidity increases due to Sweating to become dew 
point or higher, and hence the Spectacles or goggles are 
fogged or Steamed up. Further, the Spectacles or goggles are 
Steamed over due to a breath (sigh). Among other situations, 
When one Wears goggles, the fogging or Steaming up can 
hardly be removed since the goggles form almost Sealed 
SpaceS. 

Japanese Patent Application Laid-open No. 165724/1986 
(JP-A-61-165724) relates to cleaning and antifogging treat 
ment of Surfaces of Spectacles, and discloses a proceSS which 
comprises flowing a treating agent impregnated and held on 
a holding part to a coating part with the use of capillarity 
phenomenon, cleaning the Surfaces of Spectacles on the 
coating part and treating the Surfaces with a treating agent. 
According to this technology, however, a Surfactant Such as 
polyoxyethylene nonyl phenol and the like is used as the 
antifogging agent So that impartment of an eternal antifog 
ging property for the Spectacles would not be expected. 

Japanese Patent Application Laid-open No. 74169/1983 
(JP-A-58-74169) discloses a process which comprises, in a 
method of coating multi-focus lenses Such as double-focus 
or triple-focus lenses with a hard coating agent or 
antifogging-coating agent, coating a plastic lens base having 
a boundary by means of dipping with holding the boundary 
of the lens at a right angle with respect to the liquid level or 
at an angle not greater than 20 with respect to the perpen 
dicular (right angle). This process is proposed for the 
purpose of inhibiting accumulation of the coating composi 
tion in the boundary part of the lens. 

Japanese Patent Application Laid-open No. 294339/1990 
(JP-A-2-294339) proposes an antifogging process which 
comprises immersing a plastic molded article Such as a lens 
or an end plate (mirror board) with a polymerizable coating 
composition containing a water-Soluble monomer, a mono 
mer copolymerizable with this water-Soluble monomer, and 
a polymerization initiator and harding the resultant 
immersed article for antifogging treatment. 

However, even Subjected to these antifogging treatments, 
the Scratch resistance of articles can hardly be improved. 
That is, Since the antifogging property due to the antifogging 
agent and the Scratch resistance are in Such an antinomy or 
contradictive relation that the Scratch resistance is deterio 
rated with an increasing antifogging property, and the anti 
fogging property is adversely affected with an enhancing 
Scratch resistance, excellent antifogging property and high 
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2 
abrasion resistance are incompatible with each other. 
Therefore, when the antifogging property is improved, the 
Spectacles or goggles tend to be Scratched or abraded in case 
that the Spectacles or goggles collide with dust or are in 
contact with or rubbed with other article when handled. 
On the other hand, for the purpose of achieving high 

antifogging property and enhanced Scratch resistance, there 
has been intended a proceSS which comprises treating the 
inside Surface of a lens with an antifogging agent and 
treating the outside Surface of the lens with a hard coating 
agent. According to the dipping technology, however, the 
both sides of the lens are coated so that it is difficult to impart 
the antifogging property to the inside Surface of the lens and 
the Scratch resistance to the outside thereof, respectively. 
Further, there has been thought of coating one side and 
thereafter the other side of a lens base respectively with the 
use of Spray coating or flow coating technology. According 
to this process, however, an equipment at high cost is 
required and the produc-tivity or yield tends to be deterio 
rated. 

Incidentally, a lens having different functions on each side 
respectively may also be obtained by, for example, a process 
which comprises masking the inside Surface of a plastic lens 
base with a masking agent, hard coating the outside Surface 
by immersing, removing the masking by means of peeling, 
masking the hard coated Surface and coating the inside 
Surface with an antifogging agent by immersing, and remov 
ing the masking by Stripping. This technology, however, 
requires a great number of StepS and is complicated, and the 
productivity of lenses can hardly be improved. Further, 
when an organic Solvent-based masking agent is directly 
coated to a plastic, removal of the masking agent is difficult 
because of great adhesion Strength of the masking agent with 
respect to the plastic lens base. On the other hand, when a 
water-base latex paint is used as the masking agent, although 
the resultant masking coated layer can be peeled off or 
Stripped from the plastic base, but it peels off or partially 
peels off, or is Solved out in a Succeeding Step Such as 
immersing Step with the use of an organic Solvent-based 
hard coating agent or antifogging agent, or Washing or 
cleaning Step. Accordingly, a masking agent having Such an 
adequate adhesive Strength as to have a high adhesive 
property with respect to a plastic base in the immersing Step, 
and to be capable of peeling off after the immersing Step 
would hardly be found out. 

Furthermore, it is possible to use a masking film in lieu of 
a masking agent, but the film cannot be along concave and 
convex shape of the lens and, even when it is applied to a 
plane, the workability is deteriorated. Further, the Surface 
which has not been treated with a hard coating agent has a 
tendency to be injured or Scratched in laminating Step, and 
the external appearance is Sacrificed Since an adhesion mark 
is remained after peeling off the film. 

SUMMARY OF THE INVENTION 

It is, therefore, an object of the present invention to 
provide a plastic lens which is imparted with high Scratch 
resistance (abrasion resistance) on one side (outside Surface) 
and with other function than the Scratch resistance on the 
other side (inside Surface) (i.e. a plastic lens imparted with 
different functions respectively to each side), and a method 
of producing the plastic lens. 

Another object of the invention is to provide a plastic lens 
with a high Scratch resistance and antifogging property and 
a method of producing the Same. 

It is a further object of the invention to provide a method 
of manufacturing a plastic lens having different functions in 
few steps with high efficiency. 
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The inventors of the present invention did much investi 
gation to accomplish the above objects, and, as a result, 
found that although the adhesive property (adhesive power) 
of an over-coated film or layer with respect to an acrylic hard 
coated layer has been considered to be Small, the adhesive 
property or adhesive power of the Over-coated layer with 
respect to the hard coated layer can remarkably be enhanced 
with retaining high adhesive property with respect to a 
plastic lens base when extent or degree of curing of the 
acrylic hard coating agent is decreased. The present inven 
tion has been accomplished based on the above findings. 

Thus, the plastic lens of the present invention comprises, 
a plastic lens base, 
the first acrylic hard coated layer formed on one side of 

the plastic lens base, and 
a functional layer except for the first hard coated layer 

formed, through the Second acrylic hard coating layer, 
on the other side of the lens base. The functional layer 
(membrane) in this plastic lens includes an antifogging 
coated layer and others. 

According to the method of the invention, a plastic lens is 
manufactured by a proceSS which comprises the Steps of; 

a hard coating Step for coating the both sides of a plastic 
lens base with an acrylic hard coating agent containing 
a polymerizable compound having an acryloyl group or 
a methacryloyl group, 

a masking Step for masking, after the hard coating, the 
outside hard coated layer of the lens base with a 
peelable masking agent, 

an antifogging Step for coating, after the masking, at least 
the inside hard coated layer of the lens base with an 
antifogging agent, and 

a removing Step for removing the masking layer after the 
antifogging coating. 

The acrylic hard coating agent in this proceSS may for 
example be an ultraViolet ray-curable hard coating agent. 
When the ultraViolet ray-curable hard coating agent is used, 
the hard coating Step may be conducted by coating the both 
sides of the plastic lens base with the ultraviolet ray-curable 
hard coating agent, irradiating the coated layers in Such a 
manner that the irradiating quantity to the inside covering 
layer is equal or less than that of the outside covering layer 
to form cured layers, and the masking Step may be carried 
out by masking the outside cured layer of the lens base with 
the masking agent. The masking agent may comprise a 
coating composition containing a vinyl chloride-Series poly 
mer comprising at least a vinyl chloride unit, and the 
antifogging agent may be composed of an ultraViolet ray 
curable acrylic antifogging agent or others. 

The method of the invention also includes a method of 
producing a plastic lens, which method comprises the Steps 
of; 

a hard coating Step for coating the both sides of a plastic 
lens base with an ultraViolet ray-curable acrylic hard 
coating agent and curing the hard coated layers by 
irradiating the coated layers in a proportion of the 
ultraViolet ray irradiation quantity Io with respect to the 
outside covering layer of the lens base relative to the 
ultraViolet ray irradiation quantity Ii with respect to the 
inside covering layer of the lens base is Such that Io/Ii 
equals 1/1 to 20/1 (times), 

a masking Step for masking the outside cured layer of the 
lens base with a masking agent, 

an antifogging Step for coating, after the masking 
treatment, at least the inside cured layer of the lens base 
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4 
with an ultraViolet ray-curable acrylic antifogging 
agent and irradiating the treated Surface with an ultra 
Violet ray to cure the antifogging agent, and 

a removing Step for removing the masking layer from the 
cured layer. 

The term “lens” as used in this specification broadly 
means and includes Sunglasses, goggles and others in addi 
tion to lenses for spectacles, and the lens may be any of a 
Spherical lens Such as a convex lens and a concave lens, an 
aspherical lens and sheet-like lens (a plate). The term “the 
outside” means the concave Surface in a spherical lens, and 
a Surface to be the outside Surface in final in a plane lens. 
Further, the acrylic monomer and methacrylic monomer are 
generically referred to as “the (meth)acrylic monomer'. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Plastic lens 
On one side (the outside Surface) of the plastic lens base 

is formed an acrylic hard coated layer, and on the other side 
(the inside Surface) is formed a functional layer (membrane) 
with interposition of the hard coated layer. This functional 
layer may only be a functional layer except for the hard 
coated layer, and it may be, for example, an ultraViolet 
absorbable layer, an infrared-absorbable layer, an anti 
reflection layer, a reflecting layer, a photochromic layer and 
others, but an antifogging coated layer can preferably be 
employed for the purpose of inhibiting fogging (steaming 
up) of the lens due to the differences of the temperatures 
and/or humidities or other conditions. In the following 
description, the present invention is mainly described with 
the antifogging coated layer taken as an example of typical 
functional layer. 

Plastic lens base 
The plastic lens base may be made of a polymer having 

a high light transmittance and being moldable, Such as a 
poly(methyl methacrylate) and other (meth)acrylic resins, 
polycarbonates, a polyethylene glycol bisallylcarbonate and 
other polydiallyl glycol carbonates, polystyrene and So 
forth. Among these plastics, polycarbonates and polydiallyl 
glycol carbonates may advantageously be used for their 
excellent clarity, moldability and high mechanical Strength. 
The plastic lens base may be manufactured by a conven 
tional technology inclusive of injection molding, cast 
method and So forth. The lens base may contain a variety of 
additives Such as dyes, pigments, antioxidants and other 
Stabilizers, plasticizers, polymerization regulators, release 
agents and the like. 
Hard coated layer 
The acrylic hard coated layer may be made of a 

crosslinked hard acrylic resin coated layer (covering layer) 
in order to impart the Scratch resistance to the lens. The 
preferable crosslinked hard coated layer may be made of a 
polymerizable hard coating agent containing a polymeriz 
able compound having an acryloyl group or a methacryloyl 
grOup. 
AS the polymerizable compound in the hard coating 

agent, there may be mentioned for example a urethane 
(meth)acrylate oligomer, an epoxy (meth)acrylate oligomer, 
an oligoester (meth)acrylate and other oligomers each hav 
ing 2 or more (meth)acryloyl groups, ethylene glycol 
di(meth)acrylate, propylene glycol di(meth)acrylate, 1,4- 
butanediol di(meth)acrylate, 1,6-hexanediol (meth)acrylate, 
neopentylglycol di(meth)acrylate and other alkylene glycol 
di(meth)acrylates, diethylene glycol di(meth)acrylate, tri 
ethylene glycol di(meth) acrylate, dipropylene glycol 



5,985,420 
S 

di(meth) acrylate and other (poly)oxyalkylene glycol 
di(meth)acrylates, glycerin di(meth)acrylate, an adduct of 
di(meth)acrylate wherein an alkylene oxide (e.g. ethylene 
oxide, propylene oxide) is added to bisphenol A e.g. 2,2- 
bis(4-(2-(meth)-acryloyloxyethoxy)phenylpropane, 2,2- 
bis 4-(2-(meth)-acryloyloxypropoxy)phenylpropanel and 
other 2-functional (meth)acrylates, trimethylolpropane tri 
(meth)-acrylate, pentaerythritol tri(meth)acrylate, penta 
erythritol tetra(meth)acrylate, dipentaerythritol hexa(meth) 
acrylate, (meth)acrylates each having a phosphazo group 
-P=N- and a (meth)acryloyl group, and other multifunc 
tional (meth)acrylates. 

The (meth)acrylate having a phosphazo group includes 
chain or cyclic compounds each having a phosphazo group 
-P=N-. The bonding mode of the phosphazo group and 
(meth)acryloyl group may be shown by, for instance, the 
formula 

wherein at least one of X and Y represents a polymerizable 
group having a (meth)acryloyl group, and a+b=2. The 
(meth)acrylate having a phosphazo group may practically be 
a cyclic compound, and includes, for example, (meth) 
acrylates each having a phosphaZene ring obtainable by 
allowing a phosphaZene ring (e.g. a trimer or tetramer) 
containing compound (PNC1, wherein n denotes an integer 
of about 3 to 5) as produced by a reaction of phosphorus 
pentachloride and ammonium chloride, and a hydroxyl 
group-containing (meth)acrylate Such as hydroxyethyl 
(meth)acrylate or hydroxypropyl (meth)acrylate. 
The preferred phosphazo group-containing (meth) 

acrylate may be shown by the following formula (I). 

(I) 
RO OR1 

V / 
P 2n N21 NN 

"Sl -OR' 
Ro1 n- YoR1 

wherein R' represents, the same or different, a hydrogen 
atom, a C- alkyl group or a polymerizable group having a 
(meth)acryloyl group, and at least one of R is a polymer 
izable group having a (meth)acryloyl group . 
The number of the polymerizable group(s) shown by R' 

in the compound of the formula (I) is, for instance, about 3 
to 6, and preferably about 4 to 6. The preferably polymer 
izable group R' may for example be represented by the 
following formula (II) 

(II) 
R3 O R2 

wherein R and R respectively represent a hydrogen atom 
or a methyl group. 

Further, for the purpose of regulating the characteristics of 
the cured layer (hard coated layer), a mono-functional 
(meth)acrylate may be incorporated into the agent. Such 
mono-functional (meth)acrylate includes, for instance, 
methyl (meth)acrylate, ethyl (meth)acrylate, butyl (meth) 
acrylate, hexyl (meth)acrylate, 2-ethylhexyl (meth)acrylate 
and other Cls alkyl (meth)acrylates, cyclohexyl (meth) 
acrylate, phenyl (meth)acrylate, benzyl (meth)acrylate, 
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6 
isobornyl (meth) acrylate, 2-hydroxyethyl (meth)acrylate, 
2-hydroxypropyl (meth)acrylate and other hydroxyl group 
containing (meth) acrylates, glycidyl (meth)acrylate, N,N- 
diethylaminoethyl (meth)acrylate and other basic nitrogen 
atom-containing (meth)acrylates, trifluoroethyl (meth) 
acrylate, tetrafluoropropyl (meth) acrylate and other 
halogen-containing (meth)acrylates and so on. 
The polymerizable hard coating agent may also be com 

posed of a thermosetting resin composition containing a 
thermal polymerization initiator (e.g. benzoyl peroxide, 
cumene hydroperoxide, dicumyl peroxide and other organic 
peroxides). The polymerizable hard coating agent may pref 
erably be composed of a photo-curable resin composition 
containing a photopolymerization initiator, in particular, an 
ultraViolet ray-curable resin composition (an ultraViolet ray 
curable hard coating agent). 
AS the photopolymerization initiator, there may be 

mentioned, for instance, benzoin or its derivatives (e.g. 
benzoin, benzoin isopropyl ether, benzoin isobutyl ether, 
etc.), ketones e.g. 1-hydroxycyclohexyl phenyl ketone, 
acetophenone or its derivatives (e.g. alkoxyacetophenone), 
propiophenone or its derivatives (e.g. 2-hydroxy-2- 
methylpropiophenone), benzophenone or its derivatives 
(e.g. 4,4'-dimethoxyben Zophe none, 4,4'-bis(4- 
diethylaminophenyl)ketone, etc.), benzyl or its derivatives 
(e.g. benzyl and benzyl methyl ketal), thioxanthone or its 
derivative S (e.g. 2,4-diethyl-thio Xanthone, 
2-ethylthioxanthone, 2-isopropylthio-Xanthone, 2-chloro 
thioxanthone, etc.) and other conventional photopolymer 
ization initiators. These photopolymerization initiators may 
be used Singly or in combination. 
The amounts of the thermal polymerization (thermo 

polymerization) initiator and photopolymerization initiator 
may respectively be selected from a range of about 0.1 to 10 
parts by weight relative to 100 parts by weight of the 
polymerizable compound. 
The photo-polymerization initiator may be used in com 

bination with a photo-polymerization accelerator (e.g. 
triethylamine, triethanolamine, dimethylamino-ethanol, 
p-dimethylaminoacetophenone, 4-dimethylamino-benzoic 
acid, ethyl 4-dimethylaminobenzoate, ethyl 
4-diethylaminobenzoate, isoamyl 4-dimethylaminobenzoate 
and other tertiary amines, triphenylphosphine and other 
phosphines). 
Where necessary, the hard coating agent may be an 

organic Solvent-containing coating composition containing 
an organic Solvent Such as hydrocarbons, alcohols, esters, 
ketones, ethers and the like. 
The thickness of the hard coated layer may be selected 

from a range not interfering with the abrasion resistance or 
others, and is, for example, about 1 to 50 lum, preferably 
about 2 to 30 um and more preferably about 3 to 15um (e.g. 
about 3 to 10 um). 

Meanwhile, a hard coated layer may conventionally be 
formed from a thermosetting Siloxane-Series composition. 
According to this technology, however, when an over 
coating agent is applied on the coated layer of the Siloxane 
Series composition, the over-coating agent is repelled or 
crawled and a homogenous coated layer would not be 
expected. Further, even if a Smooth coating is formed, the 
coated layer (covering layer) after dried and cured is insuf 
ficient in adhesive power with respect to the base material. 
Furthermore, the adhesive power and weather resistance 
(weather proof) of the coated layer tend to be deteriorated 
with a lapse of time even when the adhesive property of the 
over-coating layer with respect to the coated layer (covering 
layer) is enhanced by means of Surface treatment of the 
over-coating layer. 
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Antifogging coated layer 
The antifogging (anti-dim) coated layer may be made of 

a various hydrophilic polymer (e.g. poly(Vinyl alcohol), an 
ethylene-Vinyl alcohol copolymer, polyvinylpyrrolidone, 
polyethylene glycol, a cellulose ester and a cellulose ether, 
a carboxyl group-containing acrylic resin, a hydroxyl group 
containing acrylic resin, etc.). For the purpose of retaining 
an everlasting antifogging property, however, use can 
advantageously be made of a croSS-linkable composition 
comprising a hydrophilic group-containing compound (e.g. 
a thermosetting resin composition comprising a polyol Such 
as a polyester polyol, a polyether polyol and an acrylic 
polyol, and a crosslinking agent Such as a melamine resin; 
a thermosetting resin composition comprising the above 
mentioned polyol and a polyisocyanate, a thermosetting 
resin comprising a polyether-Series epoxy resin and a Setting 
agent (hardening agent)), a photo-curable resin composition 
comprising a (meth)acrylic hydrophilic polymerizable com 
pound (in particular, an antifogging agent composed of an 
ultraViolet ray-curable resin composition). In especial, a 
(meth)acrylic resin composition (e.g. a thermosetting resin 
composition and a photo-curable resin composition) may 
advantageously be employed for enhancement of the adhe 
Sive property with respect to the hard coated layer, and the 
antifogging coated layer may preferably be formed using a 
photo-curable resin composition for improvement of the 
productivity or the like. 

The (meth)acrylic hydrophilic polymerizable com-pound 
includes (meth)acrylates each having a hydrophilic group 
Such as a hydroxyl group, a carboxyl group, an ether group 
and So on. AS examples of Such (meth)acrylate, there may be 
mentioned 2-hydroxyethyl (meth)acrylate, 2-hydroxypropyl 
(meth) acrylate, diethylene glycol mono(meth)acrylate, 
dipropylene glycol mono(meth)acrylate, a mono(meth) 
acrylate of a polyethylene glycol with a polymerization 
degree n of about 3 to 50, polypropylene glycol mono(meth) 
acrylate and other hydroxyl group-containing (meth) 
acrylates, a (meth)acrylate of an adduct formed by allowing 
an alkylene oxide (e.g. ethylene oxide) to add to an alky 
lphenol Such as nonylphenol, (meth)acrylic acid, glycerin 
mono(meth)acrylate, N-vinylpyrrolidone and other hydro 
philic monofunctional (meth)acrylates; diethylene glycol 
di(meth)acrylate, dipropylene glycol di(meth)acrylate, poly 
ethylene glycol di(meth)acrylate with a polymerization 
degree n of about 3 to 50, polypropylene glycol di(meth) 
acrylate, glycerin di(meth)acrylate, trimethylolpropane 
di(meth)acrylate, pentaerythritol di(meth)acrylate, pen 
taerythritol tri(meth)acrylate, a di- or tri-(meth)acrylate of 
an adduct formed by allowing an alkylene oxide (e.g. 
ethylene oxide) to add to glycerin, a urethane (meth)acrylate 
oligomer having a polyether unit, an oligoester (meth) 
acrylate having a polyether unit and other (meth)acrylates 
each having 2 or more polymerizable functional groups. 
These hydrophilic polymerizable compounds may be used 
Singly or in combination, and they may be employed in 
combination with the polymerizable compound exemplified 
in the explanation of the hard coating agent. The photopo 
lymerizable resin composition for the formation of the 
antifogging coated layer may practically comprise a (meth) 
acrylate having 2 or more polymerizable functional groups 
for the formation of a Strong coat. 

The antifogging photo-curable resin composition may be 
formed from, in addition to the polymerizable compound, a 
hydrophilic polymer (e.g. a homo- or copolymer of the 
(meth)acrylate having a hydroxyl group, a carboxyl group, 
an ether group or other hydrophilic group, a copolymer of 
the (meth)acrylate having a hydrophilic group and other 
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8 
copolymerizable monomer). The copolymerizable monomer 
includes, for instance, an alkyl (meth)acrylate, diethylamino 
(meth)acrylate and other alkylamino (meth)acrylates, Sty 
renic monomers and others. 
The antifogging photo-curable resin composition may 

usually comprise a photopolymerization initiator, as men 
tioned above. Where necessary, the antifogging agent may 
be an organic Solvent-containing coating composition con 
taining an organic Solvent Such as hydrocarbons, alcohols, 
esters, ketones, ethers and the like. 
The thickness of the antifogging coating formed on the 

inside Surface of the lens base though the hard coating layer 
may be selected from a range imparting the antifogging 
(anti-Steam or anti-dim) property, and is, for example, about 
1 to 30 lum, preferably about 2 to 20 um and practically about 
3 to 15 lum. When the functional layer is an ultraviolet 
ray-absorbable layer or an infrared-absorbable layer, Such 
functional layer can be formed with the use of a resin 
composition containing an ultraViolet ray-absorbent or an 
infrared-absorbent (in particular, a composition as produced 
by adding an ultraViolet ray-absorbent or an infrared 
absorbent to a hard coating agent as mentioned above or a 
(meth) acrylic thermosetting or photo-curable resin 
composition). When the functional layer is an anti-reflection 
layer, the layer may be formed from a resin composition 
containing a fine powder (a fine powder of Submicron level) 
of an inorganic compound Such as Silicon dioxide, Silicon 
oxide, aluminum oxide, magnesium fluoride and gold. In 
case that the functional layer is a photochromic layer, it may 
be formed by using a conventional photochromic material or 
a resin composition containing a photochromic material (in 
especial, a composition as prepared by adding a photochro 
mic material to the hard coating agent as mentioned above 
or (meth)acrylic thermosetting or photo-curable resin 
composition). 

Production process of plastic lens 
The plastic lens of the present invention can be obtained 

through the Steps of a hard coating Step of coating the plastic 
lens base with the acrylic hard coating agent, a masking Step 
of masking, after the hard coating treatment, the lens with a 
masking agent, a coating Step of coating the lens with a 
functional material inclusive of the antifogging agent, after 
the mask-ing treatment, and a removing Step of removing or 
eliminating the masking layer after the coating treatment. In 
the following description, the process where the functional 
material is the anti-dim agent is mainly described. 

Hard coating step 
In the hard coating Step, the both sides of the plastic lens 

base are coated with the acrylic hard coating agent. The 
coating may be effected by a conventional technology Such 
as dipping (immersing), Spray coating, flow coating, Spin 
coating or the like. Incidentally, according to the flow 
coating or Spin coating technology, an equipment in a high 
cost is required, productivity tends to be Sacrificed and hence 
is disadvantageous in commercial use, and according to the 
Spray coating technology, the homogeneity of the coating 
layers of the both Sides may occasionally be deteriorated. 
Therefore, the immersing method which insures efficient 
coating of the both sides of the plastic lens base can 
preferably be employed in many cases. 

There are Some species of the acrylic hard coating agent 
which are not adversely affected in the adhesive power with 
respect to the over coating agent (antifogging agent) irre 
Spective of extent or degree of hardening or curing. 
However, in general, the adhesive power of the hard coating 
agent tends to be decreased with an increasing degree of 
curing of the hard coating layer, although the abrasion 
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resistance is enhanced. In other words, the adhesive power 
With respect to the Over coating agent (antifogging agent) 
has a tendency to be increased with a decreasing degree of 
hardening of the hard coated layer. Therefore, when the 
coating of the both sides of the plastic lens base is conducted 
with the use of a photo-curable hard coating agent (e.g. an 
ultraViolet ray-curable hard coating composition), it is pref 
erable to irradiate the inside covering layer with an radiation 
(ultraviolet ray) in an irradiation quantity of equal or less 
than that of the outside Surface to be coated with the masking 
agent, and to form a hard coated layer on the outside Surface 
with a Sufficient harness (rigidity), and a hard coated layer on 
the inside Surface having a Sufficient adhesive power with 
respect to the antifogging coat. That is, it is advantageous 
that a Sufficient quantity of the ultraViolet ray is irradiated to 
the outside coated layer to proceed curing reaction, and the 
curing of the inside coated layer is effected with an irradia 
tion of the ultraViolet ray in a decreased quantity. 

The irradiation amounts (irradiation quantities) of the 
outside covering layer and the inside covering layer may be 
Selected according to the Species of the acrylic hard coating 
agent, and with a proviso that the irradiation quantity as 
required to impart 98 to 100% of the saturated hardness is 
Settled as 100, the irradiation quantity to the inside covering 
layer is about 50 to 100 and preferably about 70 to 100. The 
irradiation quantity as required to impart 98 to 100% of the 
Saturated hardneSS can be determined by making the relation 
between the hardneSS and the irradiation quantity into a 
graph with the hardneSS on the vertical axis and the irradia 
tion quantity horizontally, and evaluate as the Saturated level 
of the hardness being a Standard. 

In the Saturated hardneSS level, the proportion of a 
remained monomer in the cured coating layer is about 0 to 
1% by weight and preferably about 0 to 0.5% by weight 
based on the total weight of the polymerizable compound. 
Accordingly, the irradiation quantity to the inside covering 
layer may also be determined by taking the proportion of the 
remained monomer in lieu of the Saturated hardness (i.e. 
taking, as the Standard, the irradiation quantity as required to 
make the proportion of remained monomer to be 0 to 1% by 
weight, and preferably 0 to 0.5% by weight). The amount of 
the remained monomer may be determined by, for instance, 
a process which comprises, with the use of extraction 
treatment, measuring the weights before and after the 
extraction, a process which comprises measuring the amount 
based on the relation (calibration curve) between the height 
of absorption peak (absorption strength) of the infrared 
absorption Spectrum and the amount of the remained 
monomer, or other technologies. The preferred proceSS 
includes a process using an infrared absorption Spectrum, 
and, by way of an example, the amount of the remained 
monomer and hardening degree can be evaluated based on 
the ratio of the absorption Strength in an absorbing region of 
double bond 1620 to 1640 cm and the absorption strength 
in the absorption region of a carbonyl group. 

The proportion of the irradiation (ultraViolet ray) quantity 
Io for the outside covering layer relative to the irradiation 
(ultraviolet ray) quantity Ii for the inside covering layer of 
the lens base (base lens) may be selected according to the 
Species and components of the hard coating agent, and for 
example is Such that Io/Ii equals about 1/1 to 20/1 (times), 
preferably about 1/1 to 10/1 (times) and more preferably 
about 1/1 to 5/1 (times). When an ultraviolet ray with a main 
wavelength of about 300 to 380 nm is used, the ultraviolet 
ray irradiation quantity Ii for the inside covering layer of the 
lens base may be selected from a range which insures 
hardening of the hard coating agent, and is, for instance, 
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10 
about 10 to 2,000 mi/cm’, and preferably about 20 to 1,000 
mj/cm° (e.g. about 50 to 1,000 mj/cm'). 
The ultraviolet irradiation can be effected with the use of 

a conventional ultraViolet irradiating apparatuS Such as a 
high pressure mercury lamp with a peak wavelength of 
about 365 nm. 

Masking Step 
In the masking Step, the hard coated layer on the outside 

Surface of the lens base is masked with a releasable or 
peelable masking agent. The masking agent may only be 
capable of peeling or releasing with respect to the hard 
coated layer according to the Species of the hard coated 
layer, and preferred masking agent is not peeled or eluted 
due to the antifogging agent. Such masking agent includes 
a resin composition comprising, for example, a poly(Vinyl 
acetate), an ethylene-Vinyl acetate copolymer, a poly(Vinyl 
chloride), a vinyl chloride-vinyl acetate copolymer, a sty 
renic resin, an acrylic resin, a Solvent-Soluble polyester, a 
polyamide, a thermoplastic polyurethane and other thermo 
plastic resins, a thermosetting polyurethane, a Silicone resin 
and other thermosetting resins. The masking agent may 
practically be employed as a coating composition containing 
an organic Solvent Such as hydrocarbons, esters, ketones or 
ethers (e.g. a Solution of the resin in an organic Solvent or a 
resin Solution containing a coloring agent). 
The preferable masking agent which is peelable with 

respect to the acrylic hard coated layer includes coating 
compositions each containing a chlorine-containing resin 
Such as a vinyl chloride-based polymer comprising at least 
a vinyl chloride unit (e.g. a poly(Vinyl chloride), a vinyl 
chloride-vinyl acetate copolymer, an ethylene-Vinyl chloride 
copolymer, a propylene-Vinyl chloride copolymer, a vinyl 
chloride-acrylonitrile copolymer, etc.), a vinylidene 
chloride-based polymer, a chlorinated polyolefin (e.g. a 
chlorinated polyethylene, a chlorinated polypropylene) or So 
forth. These chlorine-containing resins may be used inde 
pendently or in combination. The preferred masking agent 
comprises a poly(Vinyl chloride) or a vinyl chloride-vinyl 
acetate copolymer. 
The masking with the use of the masking agent can be 

carried out by a process according to the shape or morphol 
ogy of the lens base. By way of illustration, a non-round 
non-specific spherical or aspherical lens may be masked 
with the use of a coating apparatus automatically or Semi 
automatically, but the coating may practically be conducted 
by brushing (application with a brush). 

Incidentally, Since the whole of the plastic lens base has 
already been hard coated, the lens is not injured in the 
masking Step and Succeeding Steps, hence the working 
operation is Smoothed and the productivity of the lens is 
improved. 

Antifogging Step 
In the antifogging Step, at least the inside of the lens base 

may only be coated with the antifogging agent, and the both 
Sides of the lens base may be coated with the antifogging 
agent. When the outside of the lens base is also treated with 
the antifogging agent, the antifogging agent on the outside 
of the lens base will be removed or eliminated together with 
the masking agent in the removing Step. 
As described above, the adhesive property between the 

hard coated layer and the antifogging agent can easily be 
enhanced by regulating or adjusting the degree of curing 
(hardening) of the hard coated layer, but, depending on the 
Species of the hard coating agent or the curing of the hard 
coated layer, Sufficient adhesion property with respect to the 
antifogging agent would not be expected occasionally. In 
Such a case, the Surface of the inside hard coated layer (cured 
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layer) of the lens base may be treated before the coating with 
the antifogging agent, for the purpose of improving the 
adhesive property between the antifogging agent and the 
hard coated layer in the inside of the lens base. The surface 
treatment of the hard coated layer (cured layer) can effected, 
for example, according to any of the following alternations, 
(i) a process of Subjecting the inside hard coated layer of the 
lens base to corona discharge treatment or plasma discharge 
treatment, (ii) a process of irradiating an ultraViolet ray with 
a short wavelength (e.g. with a wavelength of about 200 to 
300 nm, in particular with a peak wavelength of about 254 
nm) to the inside hard coating layer of the lens base with the 
use of a low pressure mercury lamp or the like for the 
activation, (iii) a process of Subjecting the inside hard coated 
layer of the lens base to a treatment with an acid (e.g. 
hydrochloric acid, Sulfuric acid, nitric acid, phosphoric acid 
and other inorganic acids, acetic acid, trichloroacetic acid, 
p-toluenesulfonic acid and other organic acids) or an alkali 
or base (e.g. Sodium hydrochloride, potassium hydrochlo 
ride and other inorganic bases). In addition to the corona 
discharge treatment and plasma discharge treatment, the 
preferable process includes (ii) ultraViolet irradiation and 
(iii) alkali-treatment. The irradiation time (irradiation 
period) of the ultraviolet ray with a short wavelength in the 
ultraviolet ray irradiation may for instance be about 30 to 
180 seconds and preferably about 50 to 100 seconds. The 
concentration of the inorganic base in the alkali-treatment is 
about 1 to 20% by weight and preferably about 1 to 10% by 
weight. The temperature and treating time in these treat 
ments can be Selected in consideration of the productivity 
and Safety. 
The antifogging agent may be chosen according to the 

Species of the hard coating agent, and in order to retain high 
adhesive property for the hard coating agent even with a 
lapse of time, a resin having affinity for the hard coating 
agent, in particular a resin of the same species as the hard 
coating agent (e.g. a resin having a common chemical 
Structure) can advantageously be employed. The antifogging 
agent having high affinity for the acrylic hard coated layer 
includes a (meth)acrylic thermosetting resin composition or 
a (meth)acrylic photo-curable resin composition (among 
them, an antifogging agent comprising an ultraViolet ray 
curable resin composition). Therefore, in the antifogging 
Step, it is preferable that at least the inside hard coated layer 
(hardened layer) is coated with an ultraviolet ray-curable 
antifogging agent, and the treated Surface is irradiated with 
an ultraViolet ray to cure the antifogging coat. 
The use of a composition as prepared by adding an 

ultraviolet ray-absorbent or an infrared-absorbent to the 
antifogging resin composition results in the formation of a 
functional layer having both of the antifogging property and 
the ultraviolet-absorptivity or infrared-absorptivity. 

The treatment with the antifogging agent may be effected 
by a various technology Such as immersing, spray coating, 
flow coating, Spin coating or others. When a photo-curable 
resin composition is used as the antifogging agent, an 
irradiation apparatus as mentioned above can be utilized for 
the curing of the antifogging coat. 

Removing Step 
In the removing Step, the masking layer in the inside of the 

lens is removed or Stripped from the hardened layer to give 
a plastic lens having a hard coated layer on the outside 
Surface and an antifogging coated layer on the inside Sur 
face. When the outside hard coated layer, in addition to the 
inside layer, of the lens base is treated with the antifogging 
agent, the hard coated layer is exposed to the outside of the 
plastic base by removing the masking agent. 
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12 
The removal of the masking layer may be conducted by 

a chemical technology Such as elution with an organic 
Solvent, a mechanical technology Such as Stripping or peel 
ing off, or a combination of these technologies. The masking 
layer may practically be removed from the hard coated layer 
by means of Stripping. 

In the coating Step with the use of a functional material 
except for the hard coating agent, when a functional layer 
except for antifogging layer (e.g. an ultraViolet ray 
absorbable layer) is formed as the functional layer, an 
ultraviolet ray-absorbable layer or an infrared-absorbable 
layer can be formed by using a resin composition containing 
an ultraViolet ray-absorbent or an infrared-absorbent, and a 
photochromic layer may be formed with the use of a 
photochromic material, or a resin composition containing a 
photochromic material, as mentioned above. Further, the use 
of a fine powder (a fine powder of Submicron order) of an 
inorganic compound Such as Silicon dioxide, Silicon oxide, 
aluminum oxide, magnesium fluoride and gold provides an 
anti-reflecting layer. 
The plastic lens comprising a hard coated layer on the 

outside Surface is excellent in the Scratch resistance 
(abrasion resistance), and since it has other functional layer 
inclusive of an antifogging coated layer in the inside Surface, 
it is also excellent in the other function Such as the antifog 
ging property. Therefore, the plastic lens is useful as Spec 
tacles (glasses) or goggles worn outdoors, as in land Sports, 
marine Sports, driving of a bicycle, motorcycle or the like. 
The plastic lens of the present invention may comprise, as 

necessary, an Infrared-absorbable layer Such as near 
infrared-absorbable layer, an infrared-reflecting layer, an 
ultraViolet ray-absorbable layer, a polarization layer, a pho 
tochromic layer, an antistatic layer, a protective layer for 
enhancing the chemical resistance or the like, in addition to 
the above-mentioned hard coated layer and coats (covering 
layers). 
The plastic lens of the invention where a hard coated layer 

is formed in the outside and a layer having other function 
than the Scratch resistance is formed on the inside Surface 
has different functions (high Scratch resistance and other 
function) on the each side. Further, the plastic lens compris 
ing a coated layer with the Scratch resistance on the outside 
Surface, and an antifogging coated layer on the inside 
Surface insures not only enhanced Scratch resistance and 
durability but also excellent antifogging property So that it is 
not fogged or Steamed up even under conditions with highly 
different humidities and temperatures. 

According to the method of the present invention, a 
plastic lens having the different functions as mentioned 
above can efficiently be obtained with a few steps of hard 
coating, masking, coating with a functional material and 
removing of the masking. 
The following examples are intended to describe the 

present invention in more detail but should by no means be 
construed to limit the Scope of the invention. 

EXAMPLES 

Example 1 

To the both sides of goggle lens (80 mmx150 mm, center 
thickness 2 mm, Spherical) as molded by injection molding 
of a polycarbonate resin was applied, by immersing 
technology, a coating composition with a Solid matter con 
centration of 40% by weight (organic solvent: mixed solvent 
of ethyl acetate/celloSolve/isopropyl alcohol) containing 100 
parts by weight of a curable resin (Kyoeisha Kagaku Co., 
Ltd., PPZ-1000-Na resin substituted with 6 acryloyl groups 
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on the phosphazene ring, wherein R is a polymerizable 
group in the formula (I), and R and R are respectively 
hydrogen atoms in the formula (II) and 0.8 part by weight 
of benzyl peroxide as a thermo-polymerization initiator. The 
applied lens was subjected to thermosetting at 120° C. for 
2.5 hours to form hard coated layers with a thickness of 7 
plm. 

The outside hard coated layer of the lens was masking 
coated with a masking agent (Denki Kagaku Kogyo Co., 
Ltd., DENKALAC M21) by brushing, and thereafter an 
ultraViolet ray-curable acrylic antifogging agent (Kyoeisha 
Kagaku Co., Ltd., U-LIGHT 171) was applied onto the hard 
coated layerS by immersing, the both Sides of the lens were 
irradiated with an ultraviolet ray at a distance of 50 mm for 
4 Seconds with the use of a high pressure mercury lamp 
(manufactured by I-Graphics Co., Ltd., High Pressure Mer 
cury Lamp H01-L212, 80 W/cm, 1 Kw, peak wave length 
365 nm) to form an antifogging coated layer. 

Thereafter, the masking on the outside Surface of the lens 
was Stripped to expose the hard coating layer to give a 
goggle lens wherein the inside Surface was antifogging 
coated. 

The Scratch resistance after the hard coating, wettability 
of the antifogging agent with respect to the hard coated 
layer, adhesive property and antifogging property of the 
antifogging coated layer were respectively evaluated in the 
following manner. 

Scratch resistance: The hard coated layer was rubbed 10 
times using a #0000 steel wool with a load of 200 g, and 
degree of Scratch resistance was evaluated in accordance 
with the following criteria. 

Evaluation criteria: 
5: No Scratch 
4. A little Scratches 
3: Scratches 
2: Severe scratches 
1: Remarkable Scratches 
Wettability of the antifogging agent: The wettability of the 

antifogging agent with respect to the hard coated layer was 
evaluated according to the following criteria. 

Evaluation criteria: 

Excellent: Homogeneous coat 
Good: Partial repellent of coat 
Poor: Remarkable repellent of coat 
Adhesive property of the antifogging coat: On the anti 

fogging coated layer were formed 100 cross-cuts at intervals 
of 1 mm in the longitudinal and croSSwise directions respec 
tively using a Sharp knife, Cellophane Tape(R) was applied 
onto the cross-cuts, the tape was removed off, and the 
number of the remained cross-cuts were counted. 

Antifogging property of the antifogging coating: The 
degree of fogging (cloudiness) was evaluated according to 
the following criteria by a method of holding the film over 
a hot water (boiling water) at 80° C., or a method of holding 
the lens over a breath (sigh). 

Evaluation criteria: 

Excellent: No fogging 
Good: Fogging disappeared when fogged 
Poor: Fogging not disappeared and dewing 
AS a result, the lens showed a Scratch resistance of “5”, a 

wettability of the antifogging agent with respect to the hard 
coated layer of “5”, an adhesive property of “100” and an 
antifogging property of “Excellent each for the antifogging 
COat. 
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Example 2 

A coating composition (organic Solvent: ethyl acetate 
celloSolve-isopropyl alcohol) containing a Solid matter con 
centration of 40% by weight of an ultraviolet ray-curable 
resin an ultraViolet ray-curable resin as prepared by adding 
a photopolymerization initiator to PPZ-1000-U:PPZ 
1000-N manufactured by Kyoeisha Kagaku Co., Ltd. a 
resin Substituted with 6 acryloyl groups on the phosphaZene 
ring wherein R' in the formula (I) is a polymerizable group, 
and R and R are respectively a hydrogen atom) was 
applied, by immersing, to a goggle lens (80 mmx150 mm, 
center thickness of 2 mm, Spherical) as produced by injec 
tion molding of a polycarbonate resin in a thickness of 7 lum. 
The coats of both sides of the lens were irradiated with an 
ultraviolet ray at a distance of 50 mm for 4 seconds with the 
use of a high pressure mercury lamp (manufactured by 
I-Graphics Co., Ltd., High Pressure Mercury Lamp H01 
L212, 80 W/cm, peak wavelength 365 nm) to form hard 
coated layers. 
To the hard coated layer on the outside surface of the lens 

was masking-coated with a masking agent (manufactured by 
Denki Kagaku Co., Ltd., DENKALAC M21) by brushing, 
and the resultant coated lens was immersed into an ultra 
violet ray-curable acrylic antifogging agent (manufactured 
by Kyoeisha Kagaku Co., Ltd., U-LIGHT 171-U) to give 
coating, and the resultant coating was irradiated with the 
high pressure mercury lamp (irradiation distance 50 mm, 
irradiation time 4 Seconds) to cure and form an antifogging 
coat. Thereafter, the masking of the outside Surface of the 
lens was Stripped to expose the hard coated layer, and hence 
a goggle lens as antifogging-coated on the inside Surface 
was provided. vided. 
As a result, the lens exhibited a Scratch resistance of the 

hard coated layer of “5”, an antifogging property of the 
inside surface when held up over a hot water at 80 C. of 
“Excellent”, adhesive property between the hard coated 
layer and the antifogging coated layer of “100', respectively. 

Example 3 
Goggle lenses each having a hard coated layer on the 

outside Surface and an antifogging coated layer on the inside 
Surface were manufactured in the same manner as Example 
2 except that the irradiation quantities of the ultraViolet ray 
were those shown in Table 1. 
The relationship between the irradiation quantity, and the 

Scratch resistance of the hard coated layer, the wettability of 
the antifogging agent with respect to the hard coated layer, 
the adhesive property and antifogging property of the anti 
fogging coated layer were determined. The results are Set 
forth in Table 1. 

TABLE 1. 

Scratch Adhesive 
resistance Wettability of property of Antifogging 

Irradiation of hard antifogging antifogging property 
time (sec.) coat layer agent agent (hot water) 

1.3 4 Excellent 1OO Excellent 
1.7 4 Excellent 1OO Excellent 
2.6 5 Excellent 1OO Excellent 
3.5 5 Excellent 1OO Excellent 
5.5 5 Excellent 1OO Excellent 
7.0 5 Excellent 1OO Excellent 

Example 4 
To the both sides of a goggle lens (80 mmx150 mm, 

center thickness 2 mm, spherical) was applied an ultraviolet 
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ray-curable acrylic hard coating agent (manufactured by 
Fujikura Kasei Co., Ltd., FUJIHARD HO-U) in a thickness 
of 6 um by immersing method, and using a high preSSure 
mercury lamp, an ultraViolet ray was irradiated for 3.5 
Seconds for the outside Surface and for 1.3 second for the 
inside Surface for curing to form hard coated layers. 

The outside hard coated layer of the lens was masking 
coated with a masking agent (manufactured by Kansai Paint 
Co., Ltd., STRIP-PAINT) by brushing, and resultant lens 
was immersed and coated with the ultraViolet ray-curable 
acrylic antifogging agent (Kyoeisha Kagaku Co., Ltd., 
U-LIGHT 171-U), and was irradiated by means of a high 
pressure mercury lamp (irradiation distance 50 mm, irradia 
tion time 4 Seconds) to cure the agent, and thereby an 
antifogging coated layer was formed. The masking of the 
outside Surface of the lens was peeled off to expose the hard 
coated layer and thereby to give a goggle lens, the inside 
Surface of which was coated for antifogging. 

The characteristics of the coats were evaluated, and as a 
result, the lens showed a Scratch resistance of the hard 
coated layer of “5”, an antifogging property of the inside 
surface held up over a hot water at 80 C. of “Excellent”, an 
adhesive property between the hard coated layer and the 
antifogging coated layer of “100'. 

Example 5 
The procedure of Example 4 was repeated except that the 

ultraViolet ray was irradiated to the coats of the hard coating 
agent of the both sides of the lens for 3.0 seconds or for 3.5 
Seconds, the outside Surface was masked, the resultant lens 
was immersed into a 5 weight percent acqueous Solution of 
Sodium hydroxide at 35 C. for 40 seconds, and an antifog 
ging agent was applied to the inside Surface, to form the 
antifogging coat. The results are shown in Table 2. 

TABLE 2 

Scratch Adhesive 
resistance Wettability of property of Antifogging 

Irradiation of hard antifogging antifogging property 
time (sec.) coat layer agent agent (hot water) 

3.0 5 Excellent 1OO Excellent 
3.5 5 Good 90 Excellent 

Example 6 
A lens having a hard coated layer formed on the outside 

Surface and an antifogging coated layer formed on the inside 
Surface was obtained in the Same manner as Example 3, 
except that to the both sides of a spherical lens of 80 mm in 
diameter as produced by injection molding of a polycarbon 
ate resin was applied an ultraViolet ray-curable acrylic hard 
coating agent (Dainichi Seika Co., Ltd., DP-10) in a thick 
ness of 5 um, the coats of the both sides of the lens were 
irradiated with a high presssure mercury lamp (80 W/cm, 
distance 50 mm) for 2.6 seconds to form hard coated layers. 

The characteristics of the coats were investigated, and as 
a result, the lens exhibited a Scratch resistance of the hard 
coated layer of “4”, an antifogging property of the inside 
surface held up over a hot water at 80° C. of “Excellent”, and 
an adhesive property between the hard coated layer and the 
antifogging coated layer of “100'. 

Example 7 
The procedure of Example 3 was repeated except that, in 

Example 6, the coatings of the hard coating composition on 
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16 
the both sides of the lens were irradiated with the ultraviolet 

ray for the time (second) shown in Table 3, and after 
masking treatment, the lens was immersed in a 5 weight 
percent aqueous solution of sodium hydroxide at 35 C. for 
40 Seconds, and the inside Surface was applied with the 
antifoging agent to form an antifogging coat. The results are 
Set forth in Table 3. 

TABLE 3 

Scratch Adhesive 
resistance Wettability of property of Antifogging 

Irradiation of hard antifogging antifogging property 
time (sec.) coat layer agent agent (hot water) 

2.6 4 Excellent 1OO Excellent 
3.0 4 Excellent 1OO Excellent 
3.5 5 Excellent 1OO Excellent 
7.0 5 Excellent 1OO Excellent 

Example 8 

An ultraViolet-curable acrylic hard coating agent 
(manufactured by Dainichi Seika Co., Ltd., DP-20) was 
applied, in a thickness of 4 lum, to the both Sides of a 
spherical lens with a diameter of 80 mm made of a poly 
carbonate resin, and an ultraViolet ray was irradiated to the 
outside Surface for 7 seconds and to the inside Surface for 3 
Seconds with the use of a high pressure mercury lamp (120 
W/cm, distance 50 mm) to form hard coated layers. 
The inside hard coated layer of the lens was irradiated at 

a distance of 70 mm for 90 seconds with the use of a low 
pressure mercury lamp (manufactured by Sen Tokushu 
Kogen Co., Ltd.), and the outside hard coated layer of the 
lens was masking-coated by brushing with the masking 
agent (manufactued by Kansai Paint Co., Ltd., STRIP 
PAINT) used in Example 1. The resultant lens was immersed 
and coated with the ultraViolet-curable acrylic antifogging 
agent (Kyoeisha Kagaku Co., Ltd., U-LIGHT 171-U) used 
in Example 1, and coated lens was irradiated with the use of 
a high pressure mercury lamp (irradiation distance 50 mm, 
irradiation time 4 Seconds) to cure the coatings and to form 
an antifogging coat. The masking of the outside of the lens 
was peeled to expose the hard coated layer, and thereby a 
lens inside Surface of which was coated for antifogging was 
obtained. 

AS a result of investigation of the characteristics of the 
coats, the lens showed a Scratch resistance of the hard coated 
layer of “5”, an antifogging property of the inside Surface 
held up over a hot water at 80° C. of “Excellent”, and an 
adhesive property between the hard coated layer and the 
antifogging coated layer of “100'. 

Example 9 

Antifogging coatings were formed in the same manner as 
EXmaple 8 except that coats of an acrylic hard coating 
composition (manufactured by Dainichi Seika Co., Ltd., 
DP-20) on the both sides of the lens were respectively 
irradiated with an ultraViolet ray using a high preSSure 
mercury for the time shown in Table 4, respectively, to form 
hard coated layers. The characteristics of the coats were 
evaluated and the results are shown in Table 4. 
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TABLE 4 

Scratch Adhesive 
resistance Wettability of property of Antifogging 

Irradiation of hard antifogging antifogging property 
time (sec.) coat layer agent agent (hot water) 

2.6 4 Excellent 1OO Excellent 
3.0 4 Excellent 1OO Excellent 
3.5 5 Excellent 1OO Excellent 
7.0 5 Excellent 1OO Excellent 

Comparative Example 1 
To a spherical lens with a diameter of 80 mm made of a 

polycarbonate resin was immersed and coated a hard coating 
composition containing a partial-hydrolyzed condensate of 
methyltriethoxysilane, and the coated lens were heated and 
cured to form hard coated layers in 5 um thickness. The hard 
coated layers were Subjected to pretreatment shown in the 
following table, and thereafter the pretreated lens was 
immersed and coated with the ultraViolet ray-curable acrylic 
antifogging agent (manufactured by Kyoeisha Kagaku Co., 
Ltd., U-LIGHT 171-U) and coats were irradiated with a high 
pressure mercury lamp (irradiation distance 50 mm, irradia 
tion time 4 Seconds) to cure the agent and thereby antifog 
ging coats were formed. 

The Wettability of the antifogging agent and adhesive 
property of the antifogging coated layer each with respect to 
the hard coated layer were investigated to give results Set 
forth in Table 5. In the above-mentioned adhesion test, the 
all antifogging coated layers were Stripped So that Cello 
phane Tapes was applied to the coated layers and the tape 
was peeled off, and the degrees of peeling of the coated 
layers were evaluated according to the following criteria. 

Evaluation criteria: 

Excellent: No peeling of the coated layer 
Good: Partial peeling of the coated layer 
Poor: Nearly whole of the coated layer peeled 

TABLE 5 

Adhesive property 

Wettability of No With 
Pretreatment antifogging agent cross-out crOSS-Out 

No treatment repelled 
Aqueous solution 
of sodium hydroxide 

10%, 40° C., 3 min. coatable Good O 
15%, 55° C., 3 min. coatable Excellent O 
Low pressure merculty 
lamp irradiation 50 mm 

60 seconds coatable Excellent O 
90 seconds coatable Excellent O 
Corona discharge 

10 seconds coatable Excellent O 
20 seconds coatable Excellent O 

Comparative Example 2 
To evaluate the Stripping property (adhesive property) 

with respect to a plastic base, the following plastic lens bases 
were coated with the following polymer resin paints, and the 
Stripping properties of the coated layers were determined. AS 
a result, the coated layer was adhered to the lens base and 
could not be Stripped in the all combinations. 

15 

25 

35 

40 

45 

50 

55 

60 

65 

18 
Plastic lens base: 

Poly(methyl methacrylate) 
Polycarbonate 
Poly(allyl diglycol carbonate) 
Resin paint: 
STRIP-PAINT manufactured by Kansai Paint Co., Ltd. 
DENKALAC M21 manufactured by Denki Kagaku Co., 

Ltd. 
What is claimed is: 
1. A plastic lens which comprises, 

a plastic lens base, 
a first acrylic hard coated layer formed on one side of Said 

plastic lens base, and 
a Second acrylic hard coated layer formed on the other 

Side of Said lens base and 

an antifogging coated layer, 
wherein the plastic lens is produced by the method 

comprising: 
hard coating both sides of the plastic lens base with an 

ultraViolet ray-curable hard coating agent containing a 
polymerizable compound having an acryloyl group or 
a methacryloyl group to provide a hard coated lens 
having an inside and an outside Surface; 

irradiating Said both Surfaces of the hard coated lens with 
an ultraViolet ray; 

masking the outside Surface of the hard coated lens with 
a peelable masking agent, 

coating at least the inside Surface of the hard coated lens 
with the antifogging coated layer; and 

removing the masking layer, 
wherein during the irradiating Step, a ratio of the ultra 

Violet ray irradiation quantity, Io, to the outside coated 
layer of the lens base relative to the ultraviolet ray 
irradiation quantity, Ii, to the inside coated layer of the 
lens base is such that Io/Ii equals 1/1 to 20/1 (times) to 
cure the coated layers. 

2. The plastic lens as claimed in claim 1, wherein Said lens 
base is formed from a polycarbonate or a poly-(diallylglycol 
carbonate), said ultraViolet raycurable hard coating agent 
comprises a (meth)acrylate having a phosphazene ring, and 
Said antifogging layer is formed from an ultraViolet ray 
curable resin composition containing a (meth)acrylate hav 
ing at least one hydrophilic group Selected from the group 
consisting of a hydroxyl group, a carboxyl group and an 
ether group. 

3. A plastic lens which comprises, 
a plastic lens base, 
a first acrylic hard coated layer formed on one side of Said 

plastic lens base, and 
a Second acrylic hard coated layer formed on the other 

Side of Said lens base and 

an antifogging coated layer, 
wherein the plastic lens is produced by the method 

compr1SIng: 

hard coating both sides of the plastic lens base with an 
ultraViolet ray-curable hard coating agent containing a 
polymerizable compound having an acryloyl group or 
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a methacryloyl group to provide a hard coated lens removing the masking layer, 
having an inside and an outside Surface; wherein during the irradiating Step, the inside covering 

irradiating Said both Surfaces of the hard coated lens with layer is irradiated with an irradiation quantity which an ultraViolet ray; 
masking the outside Surface of the hard coated lens with 5 produces a hardness which is 50 to 98% of saturated 

a peelable masking agent, hardness. 
coating at least the inside Surface of the hard coated lens 

with the antifogging coated layer; and k . . . . 


